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STABILITY  OF  90  MM  SHELL  Tg 


ABSTRACT 


It  is  found  that  the  stability  factor  of  the  90  ram  H.E.  Shell  T8  with 
the  Mechanical  Tine  Fuze  M43,  fired  from  the  90  mm  A. A.  Gun  HI,  which  has  a 
twist  of  rifling  of  l/32,  is  1.32  at  a  muzzle  velocity  of  2700  ft/sec.  A 
twist  of  1/30,  which  would  mke  the  stability  factor  1.50,  is  recommended. 


TABLES 


j.1  Yaw  screen  distances 

II  Measurements  of  90  am  Shell  Tg,  M.T.  Fuze  M^3 

III  Dynamic  data 

IV  Stability  firing  data 

V  Stability  results. 

Firing  Record  No.  2p, $j)S 


1.  AUTHORITY:  This  test  was  authorized  by  letter 
0.0.  471.91/805  (APG  47l/ll43-44) . 

2.  OBJECT:,' The  object  of  this  test  is  to  determine  the 
stability  factor  of  the  90  mm  H.  E.  Shell  T8  with  the  Mechanical 
Time  Fuze  M43,  fired  from  the  90  nm  A. A.  Gun  Ml.  This  shell  is 
a  modification  of  the  A. A.  Shell  H58  (T3)  whose  stability  factor 
was  found  to  be  1.33  for  a  twist  of  l/32.f 

3.  GUN:  90  nm  A. A.  Gun  Ml  No.  23,  with  tube  No.  24,  rifled 
with  a  twist  of  1  turn  in  32  calibers. 

4*  SHELL:  90  mm  Shell  T3,  loaded  vrith  red  lead  and  paraffin. 
Some  TNT  loaded  shell  were  also  measured  for  comparison,  but  not 
fired  in  this  test. 

5.  FUZE:  Mechanical  Time  Fuze  M43.  The  TNT  loaded  shell 
were  fitted  with  M43  A1  fuzes. 

6.  POWDER:  6  lb.  13  os.  DP  powder  lot  3927-41  for  90  mm 
Gun  Ml,  to  give  a  rauzsle  velocity  of  2700  ft/sec. 

7.  VELOCITY:  The  velocity  was  measured  with  a  solenoid 
chronograph.  The  first  coil  was  89.75  feet  from  the  muzzle,  and 
the  distance  between  coils  was  101.75  feet.  Some  cardboards 
placed  between  the  coils  caused  a  slight  error  in  the  velocity. 

The  velocity  was  lost  on  six  rounds  because  the  circuit  was 
improperly  closed:  this  operation  was  performed  by  touching  the 
ends  of  two  wires  together.  The  average  of  the  four  muzzle 
velocities  obtained  is  2705  ft/sec. 

8.  YAW  SCREENS:  The  gun  was  emplaced  at  the  railway  range, 
so  that  some  of  the  yaw  screens  could  be  put  into  permanent 
frames.  Other  cardboards  were  fastened  to  movable  frames.  The 
screen  distances  for  dense  distribution  are  given  In  Table  I. 

For  sparse  distribution,  stations  2,  3,  4,  7,  8,  9,  15,  16,  17, 

19,  20,  21  were  used. 

9.  FIRINGS:  Five  shell  were  fired  thru  the  dense  distri¬ 
bution  of  yaw  screens,  and  five  thru  the  sparse  distribution. 

On  the  second  round,  the  yaws  near  the  end  of  the  range  were  too 
small  to  give  reliable  results.  On  the  fifth  round,  the  last 
two  yews  were  no  good  because  the  shell  hit  a  frame,  but 
satisfactory  data  were  obtained  from  the  other  screens.  Except¬ 
ing  round  2,  the  first  maximum  yaws  were  between  10°  and  14°,  and 
the  damping  was  quite  rapid. 

10.  DYNAMIC  DATA: 

A.  In  order  to  obtain  large. enough  yaws  to  measure  accurately, 
the  bourrelet  and  the  flat  behind  the  rotating  band  of  each  inert 

*  H.  P.  Hitchcock,  ’’Stability  of  90  mm  Shell  T3",  APG,  BRL  Report  No. 

165,  1939. 
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loaded  shell  were  machined  to  a  diameter  of  3*520  -  .005  inches . 
These  diameters ,  as  well  as  the  lengths  of  the  fuzed  shell, 
the  flat  behind  the  band,  and  the  boat- tail,  were  then 
measured,  and  the  dynamic  data  determined.  Similar  measure¬ 
ments  and  dynamic  data  were  also  determined  for  six  TNT 
loaded  shell.  The  center  of  gravity  and  moments  of  inertia 
were  determined  in  the  manner  explained  in  Ballistic  Research 
Laboratory  Report  No.  150,  allowing  0.005  lb. ft2  as  the  axial 
moment  of  inertia  of  the  fuze  M43*  Tne  true  width  of  the 
block  used  in  measuring  the  center  of  gravity  is  0.492;  the 
value  0.748  was  previously  reported,  but  never  used  in  the 
computations.  However,  the  transverse  moment  of  inertia  of 
Hass  A  that  was  previously  reported  and  used  has  been  found 
to  be  erroneous:  it  should  be  0.7653  lb. ft2  instead  of 
0.7445  lb. ft2 . 

b,  The  measurements  of  the  shells  are  given  in  Table  II. 

It  should  be  noted  that  the  reduction  in  the  diameter  behind 
the  band  increased  the  length  of  flat  by  about  0.06  inch. 

c.  The  dynamic  data  are  tabulated  in  Table  III.  The 
weight  and  axial  moment  of  inertia  of  the  inert  loaded  shell 
are  practically  the  sane  as  those  of  the  H.E.  shell.  However, 
the  red  lead  and  paraffin  brought  the  center  of  gravity 
0.006  caliber  (0.02  inch)  towards  the  base,  and  decreased 

the  transverse  moment  of  inertia  0.017  lb. ft2  (0.6£). 

11.  STABILITY: 

£.  The  stability  firing  data  are  given  in  Table  IV. 

The  average  observed  rate  of  precession  $*/ir  is  0.011,60 
semi-rev/ft,  with  a  probable  error  of  0.000,017.  The 
theoretical  rate  of  precession,  calculated  by  the  usual 
formula 

qf/v  =  A/ndB 

where 

A  is  the  axial  moment  of  inertia, 

B  the  transverse  moment  of  inertia, 

n  the  pitch  of  rifling, 

d  the  caliber, 

is  0.011,15  semi-rev/ft,  with  a  probable  error  of  0.000,030. 
Hence,  the  ratio  of  the  observed  to  the  theoretical  rate  is 
1.040.  The  agreement  is  usually,  though  not  always,  closer 
than  this . 


fc.  In  order  to  see  if  this  discrepancy  is  partly 
due  to  errors  in  the  method,  let  us  determine  the  pre¬ 
cession  more  precisely.  In  the  first  place,  since  the 
projectile  loses  velocity  along  the  trajectory,  the  pre¬ 
cession  should  be  referred  to  time  instead  of  distance. 

In  the  present  case,  the  orientations  were  measured  with 
the  greatest  accuracy  in  the  vicinity  of  the  first  and  third 
maximum  yaws.  Therefore,  we  shall  consider  the  average 
precession  A«p  during  the  two  complete  periods  At  from  the 
first  to  the  third  maximum  yaw. 

£.  The  average  observed  period  is  180  feet.  The 
average  maximum  yaw  is  11.8°.  The  muzzle  velocity  was  taken 
as  2705  ft/sec.  The  form  factor  was  assumed  to  be  0.77 
relative  to  G*:  this  was  based  on  range  firings  of  the 
M58  shell,  ana  is  applicable  at  low  elevations.  A  yaw-drag 
coefficient  of  0.005  per  deg2  was  also  used  in  obtaining 
the  time  of  flight.  Hence,  we  obtain  the  time  interval: 

At  s  0.1345  sec. 

The  average  increase  in  orientation  during  this  time,  with 
one  revolution  added  on  account  of  the  yaw  passing  through 
two  minima,  is: 


Afp  =  4.176v  -  13.12  rad. 

£.  Since  the  minimum  yaw  is  less  than  1°,  we  can  con¬ 
sider  it  0  and  use  Fowler's  approximate  formula*  for  the 
derivative  of  the  orientation: 

dffi  =  M  1 

dt  B  1  +  cos  5  * 


The  yaw  varies  periodically  between  the  minimum  and  the 
maximum,  whose  average  value  in  this  case  is 

a  =  11.8°. 

A  good  approximation  of  the  difference  in  orientation  during 
two  complete  periods  may  then  be  obtained  by  the  formula: 


A  —  OO 

"  B  1  +  0.5(1  +  cos  a  )  * 

In  the  present  case,  the  value  of  the  last  factor  is: 

--M — . -A't . .  0..1.3.45.  -  o  0676  sec 

1  +  0.5U  +  cos  a]  1.9895  °*0b7b  sec* 


*  R.  H,  Fowler,  E.G.  Gallop,  C.N.H.  Lock  and  H.  V.'.  Richmond,  "The 
Aerodynamics  of  a  spinning  shell",  Phil.  Trans.  Royal  Soc.  London, 
A,  221,  295-387  (1920);  formula  (3.701). 
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£.  The  spin  at  the  muzzle  is  precisely  determined 
by  means  of  the  formula: 


■o  2,r(vo  f  vr  "  vt.)/nil 

where 

IJQ  is  the  muzzle  spin, 

v  the  muzzle  velocity,  as  usually  determined 
°  from  the  instrumental  velocity  at  some 
distance  in  front  of  the  muzzle. 


vr  the  recoil  velocity  of  the  gun, 

v.  the  increase  in  projectile  velocity  caused 

D  by  the  blast. 

Although  the  terns  in  vr  and  v^  are  usually  omitted, Kent  has 
pointed  out  that  they  should  be  Included  in  this  formula. 


The  recoil  velocity  approximately  satisfies  the 

relation: 


-  S. 


+  c/2 


where 


p  is  the  weight  of  the  projectile, 

c  the  weight  of  the  charge, 

R  the  weight  of  the  recoiling  parts. 

Since  the  recoiling  parts  of  the  90  mm  dun  Ml  weigh  2445  lb, 
in  the  present  case,  the  recoil  velocity  is  29  ft/sec. 

£.  The  spin  of  an  experimental  3.3"  Shell  Type  68, 
fired  from  the  3 •3"  Field  dun  M1919  No.  3  which  weighed  1512  lb, 
was  observed  at  ranges  in  the  vicinity  of  120  and  930  feet. 

By  extrapolation,  Kent*  found  the  muzzle  spin  to  be 
1813*3  rad/sec.  Using  the  instrumental  velocity  at  90  feet, 
measured  by  the  Boulenge  chronograph,  and  other  data  given 
in  Kent's  report,  it  is  found  that  the  nominal  muzzle 
velocity  is  2015  ft/sec.  In  this  case,  the  recoil  velocity 
of  the  gun  is  24  ft/sec.  Hence,  the  muzzle  spin,  calcu¬ 
lated  by  the  approximate  formula: 


*  H.  H.  Kont,  ”A  determination  of  tho  loss  of  spin  of  projoctilec", 
APG  B.K.L.  Report  154  (1939). 


"o  8  +  Tr)/n;i* 


is  1863. 5  rad/sec.  The  ratio  of  the  empirical  to  the 
calculated  muzzle  spin  is  0.973*  Although  the  effect  of 
the  blast  depends  on  the  muzzle  pressure,  ve  shall  assume 
that  this  ratio  applies  to  the  90  mm  gun.  For  that  gun, 
under  the  present  conditions,  the  muzzle  spin  is 

N0  =  1769  rad/sec. 

&.  The  spin  at  a  short  distance  from  the  muzzle  may 
be  found  approximately  by  Kent's  formula:* 

K.pd* 

ljgeN  =  X0geHo - — -  x, 

where 

N  is  the  spin, 

the  ’'axial  couple  coefficient”, 
p  the  air  density, 

d  the  caliber, 

A  the  axial  moment  of  inertia, 

x  the  distance. 

Kent  derived  the  value  of  an  "axial  couple  coefficient" 

CA  =  1.74  x  10~8  lt.ft/in4 

with  p  as  the  ratio  of  air  density  to  the  standard,  which  is 

0.07513  lb/ft3,  d  measured  in  inches,  A  in  lb.ft2,  and  x  in  ft. 
The  corresponding  non-dimensional  coefficient  is 

ka  =  0.0048. 

In  the  present  case,  with  the  average  air  density  ratio  of 
0.986,  at  the  average  range  of  270  feet, 

N  =  1764  rad/sec. 


*  loc.  cit. 
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j,.  We  now  have  sufficient  data  to  determine  the 
theoretical  increase  in  orientation: 

Aq>  *  12.57  rad. 

The  ratio  of  the  observed  to  the  theoretical  rate  is  I.O44, 
which  is  about  the  same  as  the  less  precise  value.  Part  of 
this  discrepancy  may  be  due  to  the  error  in  assuming  that 
the  ratio  of  the  actual  to  the  calculated  muzzle  spin 
is  the  same  for  the  90  mm  gun  as  for  the  3.3”  gun:  probably 
it  should  be  higher  for  the  former  since  the  linear  velocity 
of  the  projectile  is  higher  relative  to  the  gun  and  presumably 
also  relative  to  the  gas.  Also  the  loss  of  spin  was  not 
determined  very  accurately:  so  this  may  lead  to  a  further 
error. 

J..  Since  the  average  temperature  was  74®F,  the  velocity 
of  sound  was  1134  ft/sec.  Taking  2705  ft/sec  as  the  muzzle 
velocity,  the  Mach  number  was  2.385. 

&.  The  results  of  the  stability  firing  are  given  in 
Table  V.  Tho  cardboard  constant  was  determined  by  the  method 
of  least  squares. 

JL.  The  mean  stability  factor  of  the  inert  loaded  90  mm 
shell  T8  is  1.321,  with  a  probable  error  of  0.004.  The 
moment  coefficient  is  1.25*  Since  the  center  of  gravity 
of  the  H.E.  Shell  is  farther  forward  than  that  of  the  inert 
loaded  shell,  the  moment  coefficient  of  the  former  would  be 
slightly  less;  but  its  transverse  moment  of  inertia  is  a 
little  more,  so  its  stability  factor  would  be  practically 
the  same. 


12.  RECOMMENDATION:  Although  the  90  mm  Shell  is  stable 
when  fired  from  the  A. A.  Gun  Ml  at  a  muzzle  velocity  of 
2700  ft/sec,  its  stability  factor  of  1.32  is  considered 
rather  low.  This  is  nearly  the  same  as  that  of  the  M58 
Shell  for  the  same  twist.  A  twist  of  1/30,  which  was  rec¬ 
ommended  for  the  M58  Shell,  would  increase  the  stability 
factor  to  1.50,  and  is  also  recommended  for  the  T8  Shell. 


H.  P.  Hitchcock 


TABLE  I 


YAW  SCREEN  DISTANCES 


'STSTM 

NO. 

Dt STANCES  (FT.) 

Bet^eSn 

SCREENS 

FROM 

MUZZLE 

1 

61.7 

2 

11.5 

73.2 

3 

15.5 

88. 7 

20.0 

108.7 

5 

20.0 

128.7 

6 

20.0 

148.7 

7 

*  20.0 

168.7 

8 

20.0 

188. 7 

9 

20.0 

208. 7 

10 

61.3 

270.0 

li 

88.0 

35^.0 

12 

20 

yj& 

13 

20 

392 

14 

21 

'419 

15 

20 

439 

l6 

20 

459 

17 

20 

479 

18 

20 

499 

19 

20 

519 

20 

20 

539 

21 

20 

559 
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TABLE  II 
MEASUREMENTS  OF 
90  MM  SHELL  T8,  M.T.  FUZE  M43 


Loading 

Length  of  shell  and  fuze 
Length  of  shell 
Length  of  boat-tail 
Length  of  flat  behind  band 
Base  to  band 
Width  of  band 
Diameter  of  bourrelet 
Diameter  in  front  of  band 
Diameter  behind  band 
Diameter  of  rotating  band 
Number  of  projectiles 


TNT  Red  lead  and  paraffin 

16.27  16.26 

12.51 

1.80  1.72 

0.87  0.93 

2.67 

1.20 

3.534  3.518 

3.510 

3.533  3.519 

3.637 

6  10 


All  dimensions  in  inches 


TABLE  III 
DYNAMIC  DATA 


90  MM  SHELL  T8,  M.T.  FUZE  M43 


Loading 

Shell 

Nc 

Weight 

C .  G .  to 

base 

Zeal.) 

Red 

1 

23.16 

1.739 

.274C 

2.601 

lead 

2 

23.20 

1.736 

.2758 

2.614 

and 

3 

23.19 

1,741 

.2756 

2.597 

paraffin 

4 

23.20 

1.735 

.2752 

2.605 

5 

23.16 

1.745 

.2738 

2.603 

6 

23.16 

1.733 

.2756 

2.607 

7 

23.22 

1.731 

.2745 

2.670 

8 

23-20 

1.730 

.2755 

2.602 

9 

23.22 

1.740 

.2750 

2.605 

10 

23-17 

1.734 

.2756 

2.597 

Ave. 

23.19 

1.736 

.2751 

2.611 

TNT 


23-38 

1.744 

.2775 

2.654 

23.25 

1.739 

.2768 

2.634 

23.22 

1.746 

.2752 

2.624 

23.20 

1.735 

.2747 

2.622 

23.16 

1.745 

.2744 

2.622 

22.92 

1.743 

.2730 

2.606 

23.19 

1.742 

.2753 

2.627 

Ave. 
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interpolated  values  at  m  and 


TABLE  V 

STABILITY  RESULTS 
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